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SYNOPSI S

Thi s paper describes AUTOPART, AUTONEST and AUTCDRAW a suite of

new AUTOKON prograns for parts definition, nesting, verification and
general drafting. They are inplenmented in interactive graphics
technol ogy using a mini conmputer and a Tektronix 4014 storage tube
for communication.

AUTOPART and AUTONEST nay be used as a stand al one system providing
N C cutting information, partly replacing sinilar functions of

t he AUTOKON batch system However, for shipbuilding the 3 nodul es
shoul d be seen as an integral part of the whole AUTOKON system
offering higher efficiency and increased flexibility in the
production and of the process.
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| NTRODUCTI ON

The devel opnent of an "interactive AUTOKON' has been dealt with

in a variety of presentations and papers at previous REAPS conferences.
W have expl ai ned the reasoni ng behind our devel oprment, the

phi | sophy and consepts and we have even presented details on actual
operating results. For those interested, reference is mde to

REAPS proceedings from earlier years. So nuch has been witten and
spoken about interactive conputer graphics application in general,
that | assume the reader is famliar to the pro's and con's.

Ourfirst exposure to a practical application in this technol ogy
was AUTONEST, started in 1974, It was a typical pilot project,

whi ch main purpose was to learn what this technology was all about.
W | earned that there was a long step fromcreating a picture that
coul d be nove around on the screen - to a down-to-the-earth useful
and efficient production tool.

The concept for an entirely new technical information system
called "interactive AUTOKON' was devel oped in 1976/ 77, and has
been continuosly subjected to further detailing, in terms of data
base design and system design. Cbviously we were faced with a
pretty long termeffort. But at the sane tine short termresults
in form of practical applications were demanded. This was not an
easy bal ance.

W had an existing AUTOKON system so we decided that the short
termresults should be made in such way that they could enhance

the existing AUTOKON system at the sane tinme as being parts of

the future interactive AUTOKON. Since lofting and work draw ngs
still catered for 50-60% of the hours in design and work preparation
of steel, and since we had al ready devel oped AUTONEST, we deci ded
to concentrate the short term devel opnents to make interactive
production preparation tools.

AUTOPART, AUTONEST and AUTODRAW cover partcoding, nesting, verifi-
cation and general drafting and are such tools. To place themin
their right position in the AUTOKON "l and scape”, AUTOKON-79 is

used as departure point. Exhibit 1 shows AUTONEST as an alternative
function to NEST.
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In Exhibit 2 AUTOPART and AUTCDRAW have been added. As wll

appear |ater, AUTOPART has nany of ALKON s basic functions, but

does by no means replace ALKON in the overall AUTOKON context as

an integrated design and production system AUTODRAW has no parallell
in the batch system and should basically be considered major

enhancenent to the existing drawing facilities of AUTOKON 79.
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Exhibit 1

Layout of the AUTOKON-79 system including the interactive nesting nodule AUTONEST.
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Exhibit 2
AUTOKON- 79 and t he nodul es AUTOPART and AUTODRAW

The three nodul es AUTOPART, AUTONEST and AUTODRAW are a system for
Interactive Generation of Production |nformation.
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AUTONEST

AUTONEST has been in successfull operation for nore than 2 years
in several yards. It is working on a Norwegian NORD-10 16 bits
mni conmputer as well ason a PRIME P550. A Tektronix 4014/
storage tube with EGM option is used. An attenpt to convert
AUTONEST to a Tektronix 4081 refresh work station (without using
a host computer) has not been quite successful yet.

The nodern high speed transm sion [ong distance network as in Canada
has made it interesting to run AUTONEST fromrenote on a large
central conputer. W have in our plans to inplenent it on an UN VAC
1110 to try out these possibilities.

Experience shows that the average tine for a nedium conplex fornmat
is 0,5-1 hour to conplete the job

AUTONEST is an entirely self contained systemin the sense that both
| ay-out (nesting), sequencing and papertape generation is done by
AUTONEST itself. See Exhibit 3.

The parts to be nested in the AUTOKON-79 system are generated by
ALKON. Alternatively, they will be made interactively by AUTOPART.

The jig-saw puzzle is fully controlled by the user. He may nove
rotate and nmirror inmage a part in any manner he wants. |n case

of overlapping the systemis providing self control, and any point
of the screen may be blown up in full scale for detail ed checking
if necessary.

The user may nest a cluster of parts and treat it as one part. This
is very usefull in putting pre-nested -details around in a format to
utilize scrap, especially interesting in connection with plasm
cutting. The high cutting speed allows it wthout making the cutting
machi ne a bottleneck as often is the case in conventional oxy-cutting.

The sequencing is done interactively in a very straight forward

way. A little light point is follow ng the predefined marking and
part coding sequence. This point is stopped by the user at places
where bridges are desired. He is conpletely free to chose sequence,
and auxilliary functions may be freely nmanipulated at this stage.
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AUTOPART

By neans of AUTOPART, the user nmay

define parts "from scratch® as a sequence of basic geonetric
elenents like: straight line, circle, etc, without any
reference to predefined information.

define parts, referring to previously defined contours,
generated by AUTOPART itself or by AUTOKON 79.

define macros such as cut outs, holes etc. and use them
any where in the part definition.

nodi fy parts previously defined by AUTOPART

split parts in smaller parts. (under devel op).

define "draw ng" synbols for manipulation by AUTCDRAW
See Exhibit 4 for layout and functions.

The "Language" is fairly simlar to ALKON In ALKON, the user wites
a manuscript which conprises all statenents necessary for generating
the whole part in one run. If he has nade a mistake, he will not
know until he gets the verfication of the "paper-tape". In nost

bat ch- processing environnents this takes anything from o5hour to
2hours. Sonetime even nore.

When the user is coding the same part in AUTOPART he will generate
one contour elenent after the other and imrediately see the result

of his comands. Wen an error occurs he can correct it immediately
before proceeding. He can follow his coding alnpbst as in the

"ol d days" when he was drawi ng parts by hand. The total elapsed tine
of the job is reduced to the effective tinme the user needs to code
the part. W believe he will also work nore efficiently than in a
batch system

Exhi bit 5shows the part in the final stage of coding. In Exhibit
678 and 9 the user has asked for control of various data incorporated
in the final part description.

The ol d ALKON user will probably ask: Do we need both ALKON and
AUTCOPART?
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Exhibit 8

AUTOPART. Control view of all “countours"
making up the completed part. The user sets
"window", i.e. he wants to blow up an area to
a larger scale for control. ~
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wi] ev
The answer depends on what we are going to do. AUTOPART will be sufficent
to do lofting on a part by part level either froma "scratch" basis
or when utilizing all kind of reference contours from AUTOKON- 79.
But the reference contours thenselves are very efficiently generated
by the 10 new statenents of ALKON. These new statements in their
turn get their reference information fromthe structural nodel of
AUTOKON-79.  That neans from BOF, LANSKI and TRADET for the shell
structure and from TRALOS and TRADET for the internal structure.
The BOF/ LANSKI data have always been available before partcoding.
But imagine the amount of information now available on internal
structures, thanks to TRALOS and TRADET. ALKON is also used to
nmeke face contours of webfranes, stringers, and other "free" contours
to conplete the TRALOS/ TRADET structure for detailing of docunentation
by the (batch) DRAW nodul e.

The user may define his screen layout, he may easily change from
one node (pointing on screen nenue) to another (key boarding the
commands). Menues, manuscripts, an error nessages are in separate
areas and do not mess up the geonmetry "work area".

AUT ODRAW

AUTCDRAW i s an interactive graphics systemand shoul d be distinguished
from the AUTOKON-79 nodule DRAW  See Exhibit 10 for layout and
mai n functions.

Even if AUTOKON-79 can generate quite a variety of |ayout and bl ock
drawi ngs, they are only predefined views and contain allnopst nothing
but georetrical information. By a thunb rule, we may classify them
as only 2/3conplete. Therefore, quite a lot of efforts are needed
to "shine up" and conplete them By dinensions, scantlings,

material codes, reference to and drawing of details, job instructions,
and whatever other "text" considered necessary to make the draw ng
serve as an information carrier for parties concerned. Al these
information is not very easily dealt with by batch programs. But

the interactive graphics technology is excellent for this purpose.

The nmain purpose of AUTCDRAW is to manipul ate predefined geonetry,
from AUTOKON-79, from AUTOPART or in the future, fromthe new
AUTOKON "interactive steel design" system mre specifically the
function of AUTCDRAW wi |l include:

1. Verfication

of contours, tables, text
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Exhibit 10_

AUTODRAW its functions and operationa €NVi r onment .

GRAPHICAL PRESENTATION CF
THE PRODUCT MODEL

. 2D OR 3D VIEWS
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DRAWINGS

. FULL COORDINATION OF DRA4-

AUTODRAM INGS_AND THE PRODUCT MODEL
. STANDARDIZATION OF DRAFTIN
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. DOCUMENT ARCHIVE
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Pl = \
S J
2. CGeneration of draw ngs

a) Conpostion or |ay-out

b) Conpletion by:
- text
- synbol s
- dinmension lines
- indentification, reference
- "drawing techni ques" - "cosnmetic"
treat ment

¢l Generate other views:

- orthogona
- perspective
- axinonetric/iSonetric
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3. Build and administrate docunment |ibrary

- Storing, retrieval, distribution

Most of functions under 1) and 2) are operating in a pilot
stage. But generally AUTODRAW s 'still under devel opnent.

In addition to above functions, AUTODRAW may be used in the same way
as a graphics turn key system as a "drafting" tool to make "pictures”
on the screen. As far as structures are concerned, this function is
a minor one. W do not need it so rmuch, since the whole idea

with AUTOKON is establish a conputer based "product nodel" and

mani pulate it. A drawing is basically an extract of the "structura
model " information presented on a piece of paper in some desired view
and scal e and conpleted with additional information to make this
docunent conpl ete.

Exanpl e

The various parts of a double bottom structure have been nade by
AUTOPART and stored in their proper position and orientation within
the structure.

By neans of AUTODRAWt he user may ask for the whole structure and
conpose a drawing with orthogonal views. (Exhibit 11). when

meki ng the conposit, he may either nove around single data, or he

may define a certain collection of information as a "segnent"

which he may move as a whole by using the cursor. (Exhibit 12).

If he wants a perspective, he will get it. (Exhibit 13).

This shows the potential of having a very flexible docunentation
techni que using one single source of information, the "product nodel".

The probl em of renoving hidden lines is under solution in a nethods
devel opment, see Exhibit 14. A nore shipbuilding type exanpl e of
this problem appears from Exhibit 15 where a part is seen through
a hole of another part.

Since all contours reflect predefined objects, any dinmension from
any point to another may be derived by pointing with the cursor

on the respective points. The dimension will be displayed and the
user may locate it with proper "dimension lines" by using the cursor.
(Exhi bit 16).

Text may be generated in any size, shear, and line angle. The user
sinply operates the Tektronix key board as a "typewiter" together
with the cursor. Exhibit 17 has been "witten" by AUTODRAW Al
text is included when later asking the plotter to generate the
drawi ng on paper.
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Exhibit 12

AUTODRAW

The user has asked the system to change the lay-out
of this drawing by moving a group of information
(segment 4) as compared te exhibit 11.
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Exhibit 13

AUTODRAW

The same information as before, presented in a perspective
view,
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Exhibit 14

Example showing removal of hidden lines. Results from a methods
development project, supporting the AUTODRAW development.
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Exhibit 15

Renoval of hidden lines. Results froma methods devel opnent project,
supporting the AUTODRAW devel opnent.

Exhibit 16

AUTCDRAW
Autonatic "dinmensioning" of a tank top

obtained by ‘the user
by pointing with the cursor on the desired | ocations.

2300.00

-

1705.00

TANK - TOP
f:20
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Exhibit 17

AUTODRAW
Hard copy with output from "texting" the facilities.

AUTODRAW.

FUNCTIONS TODAY:

felch predef.ned objects

generote objects by simple drawing functions
fetch predefined text

generate text (any size, shear, and line angle)
altl 20 ond 30 traonsfaormotccns (cncl. pe.'*speé::‘.Lve)
dimensioning (automatic computation)

work area selection

def of "picture segments"

window specification-

FUNCTIONS 1979/1980:

- automatic detail generation
- remove hidden lines

- symbol menues

- drawing Library
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Exhibits 18 to 20 show an exanpl e using AUTODRAW i n connection with
an accommodation drawing. In this case the furniture have been
defined by AUTOPART. Parts are not necessarily made of steel plates.
By thinking in ternms of "geonetry" rather than in steel structure,

it is obvious that inmagination may meke these modul es usefull for
many purposes.

AUTOPART and AUTODRAW are tightly connected. In fact, they may

be regarded as a "tool kit" in which the user may easily switch

from one tool to another. It neans that any nodification by AUTOPART
will autonatically update the drawing containing that part. It

will also make a nodification on the drawing that will lead to an
update of the "product nodel". This link is under devel opnent.

In the overall AUTOKON context the practical inplications of AUTODRAW
are as follows:

Fl exi bl e work shop draw ngs

AUTOKON may be used to generate shop drawi ngs which fit the
principle "one job-one drawing”. In other words, a hierarchy

of shop drawings, that reflects the hierarchy of bl ock,
subassembl i es, sub-sub assenblies, etc. down to parts. The
"product nodel" contain the structure. The mentioned hierarchy
of drawings is just another way of making work shop docunentation
than the tradional block drawing. In the latter all information
are in one document.

Alternatively, assenblies nmay be shown in isonetric or
perspective views for clarification or as control draw ngs.

It is quite interesting to note that the above shop draw ngs
are made fromparts information, not as by tradition, the other
way around.

Desi gn drawi ngs

Basically, design drawings may be regarded as high |evel
"assenbl y" drawi ngs, hence they nmay be generated as descri bed above.

However, the whole idea of AUTOKON-79 is to generate various

kind of design drawings at the earliest possible stage, where

there are no parts. Therefore, we want to utilize the batch generated
drawi ngs from AUTOKON-79 as a departure point for further "treatment”
by AUTCDRAW
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Exhibit 18

AUTODRAW

Dealing with accom-
modation. The

furniture are "partg" 1300.00 1200,00 1450.00
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Ehhibit 18

AUTODRAW

Accommodation plan produced by means of AUTODRAW based

on the catalogue parts.

This cabin may be defined as a group of information
that can be mirrored, rotated and moved as a whole.
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Exhibit 20

AUTODRAW

Building up an accommodation plan. It may either be

a result of adding up a number of predefined "modules".
Or the "steel bulkheads" defined first and the furniture
arranged within the constraints.
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We are sinply using AUTCDRAW as a pencil to conplete the
docunent. Wen neking a plot of the conpleted draw ng, the

new "paper tape image will be the old one pluss the infornation
we added by using AUTODRAW

The observant reader will have noticed the difference fromthe
way AUTOPART/ AUTODRAW were used to generate drawings. In the
first case we were comruni cating with the production oriented
model, in the second with a docunment that originated fromthe
design nmodel of AUTOKON 79.

CONCLUDI NG REMARKS

AUTONEST is already a stable systemproven in a actual production
environment. AUTOPART is in its conpletion stage within the specifications,

and will need sone piloting before rel ease. AUTCDRAW has still sone
devel opnent ahead to conplete the desired functions, which we believe
will be satisfactorily covered. Qur nmain concern is to search for

better ways to inplement AUTCDRAWto inprove efficiency and response
time. The latter is quite crucial in order to have full user accept.

W are quite confident we will find the renedies. It should be stressed
once nore, that even if AUTODRAW maybe used for general drafting, its
maj or objective is to manupul ate predefined information. AUTOPART,
AUTONEST and AUTODRAW W || have its strength in their integration,

first of all as an "auxilliary" and part of total AUTOKON. ' But
also as a stand alone system for basically 2-D probl ens.
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu
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